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Under prior NASA grants our group, with collaboration from scientists at
the CalTech Jet Propulsion Lab (JPL), visualized and carried out the
initial development of a combined GPS and underwater acoustic (GPS/A)
method for determining the location of points on the deep sea floor with
accuracy relevant to studies of crustal deformation. Under an
immediately preceding grant we built, installed and surveyed a set of the
necessary seafloor marker precision transponders just seaward of the
Cascadia Subduction Zone off British Columbia. In that 1991 operation
we were additionally supported by the Canadian Pacific Geoscience
Centre (PGC) for operation of the necessary on-shore reference stations
and by the Canadian Institute of Ocean Sciences which provided the
needed ship (R/V Tully) to carry out the initial installation. PGC has
continued to provide reference station data for our 93, '94, 95, and 96
seagoing operations.
The grant that is the subject of this report provided ongoing support for
our group over the period from 1992 thrqugh November 1997 to make
repeat surveys at this site and at two closely spaced locations spanning
the Juan de Fuca Ridge at about 44 deg. 40 min. North Latitude (Cleft
Segment) and to analyze the resulting datal During that period there was
additional substantial support from the National Science Foundation,
particularly in the form of ship time and construction of additional
transponders.
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Thefirst majoroperationunderthis granttook placein thesummerof
1993whenwehadour first opportunityto returnto theCascadia
SubductionZonesite.Theshipin this instancewasRfV Melville,
operatedby ScrippsInstitutionof Oceanography(SIO).Thenecessary
seasurfacelink betweentheGPSandunderwateracousticpartsof the
systemwasprovidedby useof abuoytetheredto theshipwith an
umbilical cableabout100m long.This cableprovidedbotha
mechanical,towingconnectionandatransmissionlink for both theGPS
andacousticsignals.Thiswasthesameapproachasthatusedin the 1991
operation.Upon arrivalin theareawe foundthat 2 of the4 prototype
transpondersinstalledin 1991werenotreplyingwith adequate
reliability.Wethusinstalled2 additionalunitsandsups,eyedthemin,
collectingthenecessaryGPS/Adata.In this,JPL again,asin 1991,
providedthenecessaryGPSantennasandreceiversaswell asthe
umbilicalcableto bringthesignalsfrom theantcnnasto theship.
FollowingtheexpeditiontheJPLgroupcarriedout processingof the
GPSdata.
1994sawseveralmajoradvances.First,we shiftedto useof R/V New
Horizon,alsooperatedby SIO, in amodein whichthenecessaryGPS
antennasandacousticinterrogation/receiveacoustictransducerwereall
mountedon theshipandsurveyedto providemmlevel relativeposition
locationsfor thesefour elements.Havingthemonboardtheshipgreatly
improvedtheoperationalcapabilityfor maintainingthedatacollection
elementsneartheproperlocation.Thesecondadvancewasthe
completionof constructionandcalibrationof anewgenerationof
precisiontransponderstakingadvantageof ourexperiencein the 1991
and1993field operations.Six of theseunitswereinstalledasapair of
triangles,closelyadjacento oneanotheroneachsideof theJuandeFuca
Ridgejust southof themidpointof theCleft Segmentof thatridge.The
third advancewasthearrivalof Dr. C. D. Chadwellasa,pgstdoctoral
associate.Dr. Chadwellbroughtwith himexpertisein surveyingandGPS
dataprocessingwhichgreatlyimprovedoureffectivenessin survey
planningandoperations.In addition,following theexpedition,Chadwell
workedwith theJPLgroup(particularlyPurcell) to startto relievethem
of theroutineGPSdataprocessingfunctior_-byimporting,thekinematic
versionof theGIPSYprocessingsystemto ruff onourcomputers.
The 1994expeditionnotonly sawtheinstallationandcollectionof initial
dataat theJuandeFucaRidge,it includedadatacollectionperiodatthe
CascadiaSubductionZonesite.TheGPSequipmentwasprovidedby
UNAVCO,while PGCcontinuedto providethereferencestationdata.
1995activity includeda furtherdatacollectionexpeditionto both the
JuandeFucaandCascadiasites.Iinprovernentsin thecorrelatorsystem
usedonboardshipfor theacquisitionof theacoustictraveltime data
increasedthereliability of acousticdataby aboutafactorof 10.An
innovativedatacompressionapproachdevisedby JPLwasusedfor the
first timeby thePGCpersonnelto easetheproblemof recordingGPS
dataatthenecessaryonesecondinterval.Theexpeditionwassuccessful,
with 32hoursof datacollectionat theCascadiasitenettingabout18,000
valid acousticdatapoints.Similardataserieswerecollectedat theJuan
deFucalocations.
1996field activitywasmuchthesameasthat in 1995.Followinga
successfuldatacollectionoperationatbothsites,datareductionefforts
weremountedby bothChadweI1andJPL,theformercarryingout the
primaryaspectsof theGPSandacousticdataprocessingandthelatter
developingandapplyingthenecessarysoftwareto supportthedata
compressionscheme.Cascadiaresultsgiving aplatemotionvectorwere
producedbasedon the94, 95,96datasequence.This resultedin apaper
acceptedfor publicationin Physicsof theEarthandPlanetaryInteriors -
thefirst scientificallyrelevantcontributionby anygroupin deepocean
geodesy.
Throughouthecourseof thefouryearprogramprogresswasreportedat
meetingsof theAmericanGeophysicalUnion, NASA Principal
Investigatormeetingsandotherappropriateforums.A listing of the
citationsfor theseis appended.Throughoutthisperiodwehavebenefited
greatlyin theadministrativerealmfrom theFederalDemonstration
Projectunderwhichwewereallowedto establishthisgrantandthe
companionNSFgrantsasbeingrelatedandthustheywereconsideredas
joint fundingfor theprogram- whichthey indeedwere,with NSF goals
primarily relatedto nearbottomsurveysof thetransponderalTays
reportedelsewhere.
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